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(57) Abstract 

A means of reflecting and emitting electromagnetic energy in an appropriate wavelength band comprising an ar- 
rangement (10) of surfaces (11) which are reflective to energy in that wavelength band and energy emitters (12) having an 
emission of energy of such intensity that the combined reflection and emission of said surfaces match energy of a back- 
ground in that wavelength band thereby camouflaging the surfaces. The said emitters (12) comprise strips of material 
which, upon energising with an electric current, become heated and radiate energy. The means further comprises at least 
one radiometer (17) in association with a comparison means to provide an electrical signal which is a function of the dif- 
ference between the combined reflection and emission and of the background, the electrical signal controlling the energi- 
sation of the energy emitters (12). 
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" INFRARED SIGNATURE CONTROL MECHANISM" 
This invention relates to means and method for 
reflecting and emitting electro-magnetic energy and 
although not directly restricted to infrared energy, the 
5. invention is particularly suitable for reflectance and 

emittance of such energy to a degree which will provide a 
composite energy emission which corresponds to the 
surrounding environment so that the device can be used for 
camouflage purposes and thereby reduce the danger of 
10. detection by surveillance systems or the danger of a 

tracking device of a missile detecting its target against 
the background. 

BACKGROUND OF THE INVENTION 

Surveillance systems and missiles frequently make 
15. use of infrared detectors capable of comparing temperature 
differentials between objects and their backgrounds by 
comparing their emitted infrared energy, in some cases 
where the differential is as low as 0.1°K. Missile 
detectors usually rely largely on the existence of a 
20. radiation contrast between the target and the background 
area, the net radiation from each being caused by both 
reflection and emission from their surfaces. The detectors 
are often operable in the wavelength ranges of frorr. 3 to 5 
and 8 to 14 micrometers. The wavelength band with which 
25. this invention is concerned extends throughout the 

infrared range and can also be applied to the ultraviolet., 
visible and millimeter wavebands. 

It is known that reflectors have been made t z reflect 
for example the energy from the local environment ir. 
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the case of an object to be camouflaged so that the 
detector will fail to "recognise a target", but that 
system has limitations and is only partially effective, 
due to difficulty in selecting a region of the local 
5. environment to be reflected which has the same radiance 
as the background to be matched. 

It is therefore an object of this invention to 
provide means which will minimise the differential of the 
combination of radiation and reflectance between a 
10. potential target and its background thereby constituting a 
''camouflage" . 

BRIEF SUMMARY OF THE INVENTION 

In this invention there is provided on an object 
to be camouflaged an arrangement of surfaces which 

15~ comprise reflecting surfaces and energy radiating 

surfaces, and by measuring the background emission and 
object emission, control of the energy radiating surfaces 
can effect a match between the two. 

The energy which is received from the sky at high 

20. elevation angles, particularly at night is equivalent to 
that from a black body source at a low temperature, often 
in the range of 240°K. to 250°K. The energy emanating 
from a sea surface (for example) is equivalent to that of 
a black body in the range of 270°K to 300°K. A 

25. background at sea therefore is likely to have a wavelength 
emission approximating that of a black body cf temperature 
between 260°K. and 2 9 0°K. depending on aspect w:\icr. 
effects the sea surface err.issivity ana reflectivity. 



WO 89/06338 



PCT/AU88/00487 



-3- 

Energy from a grey-body source having a temperature 
of T°K . and emissivity £ is a function of the 
temperature and emissivity according to the formula 
Ct6t 4 , where <T is Stefan's constant* 
5. Energy reflected from a surface of emissivity is 

a function of the black body source of Temperature T x 
which is reflected according to the formula ^(l-CjT^. 
If the source being reflected is a grey-body of emissivity 
£ 1 this formula becomes tr ( l-£ ) ^i^ 4 . 

10. The wavelength at which the maximum emission occurs 

is also a function of source temperature. For a 
comprehensive understanding of radiated and reflected 
energy, reference may be made to chapter 1 of the 
publication RADIATION THEORY by W.L. Wolfe and George J. 

15. Zissis, published by the Office of Naval Research, 
Department of the Navy, Washington, D.C., U.S.A. 

The energy difference normally detected by an 
infrared seeker system at maximum range is usually that 
equivalent to a black body temperature difference in the 

20. range of 1°K to 5°K. Detectors do not discriminate 

different wavelengths in the individual wavebands with 
which this invention is concerned. 

Therefore by controlling the temperature of the 
heated areas of a combined reflection/radiation 

25. arrangement, the net radiated energy can be mace to match 
that of a background environment in the waveband 
required . 
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More specifically, the invention consists of an 
arrangement of surfaces which are reflective to energy 
in a wavelength band and energy emitters having an 
emission of energy of such intensity that their combined 
5. reflection and emission match energy of a background in 
that wavelength band. 

An embodiment of the invention is described hereunder 
in some detail with reference to r and is illustrated 
in, the accompanying drawings, in which 
10- Fig. 1 is a diagrammatic representation showing: 

(a) an arrangement of reflecting surfaces, 

(b) the surfaces of (a) drawn to a larger scale, 
and 

(c) an alternative reflecting surface arrangement; 
15. and 

Fig. 2 is a simplified block diagram of an electrical 
circuit . 

In this embodiment a reflecting surface arrangement 
10 (Figs. l(a> and Kb)) comprises a plurality of 

20. reflecting strips 11 of low emissivity and between these 
are located a plurality of hot metal radiating strips 12 
of. high emissivity. The reflecting strips 11 reflect the 
radiation from the sky normally equivalent to radiation 
from a low surface of temperature usually between 253°K 

25. and 240°K while the radiating strips 12 can be heated to 

produce a temperature higher than the ambient temperature , 
usually between 0 and about 32 5°r. . 
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By means described below the combined energy 
emissions from the reflecting surfaces and the radiating 
surfaces can be controlled by comparator means to match 
the background emissions. 
5. Background emissions 24 are directed to a radiometer 

via an aperture 13 and an aperture within a chopper disc 
14. Emissions from the object 10 after reflection from 
a mirror surface 15 and via aperture 16 are reflected off 
the chopper surface. Thus as the chopper disc 14 rotates, 

10- the background and object emissions are directed to the 
radiometer 17 alternately. 

• The rotation of the chopper disc 14 is controlled 
by a motor (not shown) which is controlled by circuit 
18 and input 19. The rotation of the chopper disc 14 is 

15. also detected by sensor means 20. The sensor means signal 
output is processed by conditioning circuit 21 to provide 
a trigger control to a switching circuit 22. This 
processed signal output is. also used by the chopper motor 
control circuit 18. Output 23 can be used to monitor 

20. the conditioning circuit 21 output. 

. The source switching circuit 22 directs the output of 
the radiometer 17 to the background pulse integrator 25 
when the chopper aperture allows background emissions 24 
through and directs the output of the radiometer 17 to the 

25. object pulse integrator 26 when radiation from the object 
10 (reflecting/emitting surface) is reflected fror. the 
chopper into the radiometer. 
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The pulse integrators 25 and 26 output a voltage 
level representative of the received emissions fror. the 
two sources. They feed into a differential amplifier 27 
which is biased to output a voltage level which varies in 
5. response to the difference between the received emissions. 
These processes of detection, amplification/ integration 
and comparison could equally be performed by 
microprocessor means. 

The output of the differential amplifier 27 is fed 

10. via wire means to a radiating strip/s driving circuit 30. 
This driving circuit controls the current flow 
through the current loop 31 and through the radiating 
strip elements 12, varying the flow until the combined 
energy reflected and emitted from the arrangement 10, on 

15. the object is the same as that from background 24. 

Known infrared detectors have limited spatial 
discrimination capabilities and the present maximum 
resolution allows differences of source temperature to be 
detected at 100 cms apart when viewed from 10 kms 

20. away .Therefore it is advantageous in application that the 
geometry of the arrangement allows for surfaces to be 
sized with less than 100 cms effective separation, while 
maintaining an optimum reflective surface angle and 
radiating strip width, but obviously the closer the 

25. better, so that the thickness of the combined surface is 

minimised. The minimum spacing is defined by manufacturing 
requirements and ultimately by the wavelength of th~ 
radiation involved and the discrimination sensitivity of 
infrared detectors. 
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or diamond-like coating can contain graphite or other 
particles of such size and concentration that it has a low 
reflectivity in the visible part of the spectrum but is 
transparent in the relevant wavelengths generally above 3 
5. micrometers. The films are very hard and able to withstand 
the rigors of cleaning and general use. The carbon is 
refractory, and can alternatively be applied by 
alternative techniques, including sputtering, evaporation 
and reactive decomposition, 
10. The radiating strips of metal also coated by hard 

carbon are first blackened to increase emissivity thus 
reducing power requirements for radiation. 
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background, and further comprising a driving circuit 
controlled by that electrical signal and coupled to the 
emitters to complete a feedback circuit which varies 
the energy supplied to the emitters to match the 
10. background electro-magnetic energy in the appropriate 
wavelength band- 

7. A means according to claim 6 wherein there is 
only one radiometer, and a chopper intercepts the 
background electro-magnetic energy and the combined 
reflected and emitted energy of said surfaces. 

8. A means according to claim 6 wherein there is 
only one radiometer, a chopper rotational about an axis 
inclined to radiometer, a motor coupled for drive to 
the chopper, the chopper having an aperture, and a rear 



5. reflective surface, 

further comprising a mirror arranged to reflect 
said combined reflection and emission to the rear 
reflective surface of the chopper when the radiometer 
is directed towards said background, the dimensions of 
10. the aperture and rear reflective surface being such that, 
upon chopper rotation, equal periods of energy of combined 
reflection and emission, and of energy of background, 
are sequentially imparted to the radiometer. 

9. A means according to claim 1 further comprising 
hard carbon coatings on said surfaces. 




c 



WO 89/06338 



PCT/AU88/0048 



-9- 

The claims defining the invention are as follows :- 

1. A means for reflecting and emitting electro- 
magnetic energy in an appropriate wavelength band 
comprising an arrangement of surfaces which are reflective 
to energy in that wavelength band and energy emitters 

5. having an emission of energy of such intensity that the 
combined reflection and emission of said surfaces match 
energy of a background in that wavelength band* 

2. A means according to claim 1 wherein said 
reflective surfaces comprise a plurality of surfaces 
of relatively low emissivity and said energy emitters 
comprise a plurality of surfaces of relatively high 

5. emissivity. 

3. A means according to claim 2 wherein said 
reflective surfaces comprise some surfaces which are 

so oriented as to reflect energy from above the horizon. 

4. A means according to claim 2 wherein said 
reflective surfaces comprise some surfaces which are 

so oriented as to reflect energy from below the horizon. 

5. A means according to claim 2 wherein said emitters 
comprise strips of material which, upon energising with 

an electric current/ become heated and radiate energy. 

6. A means according to claim 1 further comprising 
at least one radiometer, comparison means associated 
with the radiometer and operative to provide an electrical 
signal which is a function of the difference between 

5. the combined reflection and emission , ana cf the 
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10. A means according to claim 1 further comprising 
diamond-like coatings on said surfaces. 

11. A means according to claim 1 wherein adjacent 
said low emissivity surfaces are spaced apart by distances 
not exceeding 100 cm, and adjacent said reflective 
surfaces are spaced apart by distances not exceeding 

5. 100 cm. 

12. A means substantially as hereinbefore described 
with reference to and as illustrated in the accompanying 
drawings. 



WO 89/06338 A1 



Page 14 of 1 




Fee m 




WO 89/05338 A1 



Pa g e 1 5 of 1 



r 



INTERNATIONAL SEARCH REPORT. 

Inurr.otlor.ol Appllcfon No HU /ftU 00/ UUHO/ 

- ~ » wml T M N OF SUBJECT « ATTt» ... ,«~r.< « !...Mc.l... .>»».'* .PP-,. j 
■ ; eM , d ,n, hw^l C nc lon (.PC) 0, both N.t.on.. a....nc«,on «- 

4 



Int. CI. F41H 3/00, 3/02 



IPC 



F41H 3/00, 3/02 



c 



DE A 3217977 (BUNDESREPUBLIK DEUTSCHLAND, VERTRETEN 
DURCH DEN BUNDESMINISTER DER VERTEIDIGUNG, DIESER 
SeRTRETEN DURCH DEN PRASIDENTEN BUNDESAMTES FOR 
WEHRTECHNIK UND BESCHAFFUNG, 5400 KOBLENZ, DE) 
17 November 1983 (17.11.83) 

US.A, 4743904 (MORTON et al ) 10 May 1988 (19.05.88) 
US, A, 4611524 (FERRIS) 16 September 1986 (16.09.86) 



R.Uvnt to Clolm No. " 



• Sooelol cotooorlo, of eltod documonUi » 
. A -7ocurn.r,7d.l. 0 .n 9 X * ,h " ^ " 

rrz^zzzir^ - 

ch.t.o« or oth.r •p*ct»l f«»»on {•» •pocli.«oi 
-O- doct.rn.nt ..Lrrlng to .n or.l dl.do.ur.. u.«. •ihlbitlon or 

r:rT«;; , ub«.h.d prior ^^..nt «on.l ming d... but 

UUr th.n tho priority dot* cUlmod 



crmot b, eon»ld.rod to Involvo on »™™^" h ., ; ueh doeu - 
J!S5r.-.i to . P.'.or. .M,.d 

In tht »rt. 

docum.nt mimbir of lh« «m« p»f nt UmHy 




Form PCT/ISAfflO '••cond ih»»t) (JW^ 



